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2344606 

WELLBORE CASING 
Cross Reference To Belated Applications 

This application claims the benefit of the fiHn g date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relate* generally to weHbore casings, and in particular to 
weUbore casings that are formed using expandable tubing. 

Conventionally, wben a weUbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
nndesiredontflcmofdri^ 

formation into the borehole. The borehole is drilled in intervak whereby a casing 
whichia to be installed inatowerbor^ 

installed casing of an upper borehole interval. As a consequence of this procedure 

10 the caging of the lower interval 

interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole waB to seal the casings to 
wall. As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the weUbore. Such a large borehole 
diameter involves i ncreased costs due to heavy casing handling eqii^ent, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment ch^ 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weUbore. 

26 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
weUbore casing is provided that include install^ and a mandrel 



in the borehole, injecting ftuidic material into the borehole, and radially expanding 
the liner m the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A tubular liner and a mandrel are 
then placed into the new section of the borehole wiA the tubular Ihwoverlar^ping 
an already existing casing. A hardenable ftuidic sealing material is injected into 
an onTinW region between the tubular liner and the new section of the borehole . 
The ffpny lflr region between the tubular hner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular hner below the 
mandreL A mm hardenable ftuidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandreL The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable ftuidic sealing 
ma terial is removed from the interior of the tubular hner. The remaining portions 
of the ftuidic hardenable ftuidic sealing material are cured. At least a portion of 
20 cured ftuidic hardenable «*»piiTig material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operabiy coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tabular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater 
member, ia provided that ind^ 
10 of the second tubular member. A portion of an interior region of the second 
tubular member la pressurized and the second tubular member 
the mandrel into engagement with the first tubular member. 

Arconiing to another aspect of the present invention, a tubular liner is 
provided that incl u des an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or mora pressure relief passa 
at an end portion of the "*iTrn1frr member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidic 
sealing material The tubular finer is formed by the process of extruding the 
20 tubular liner off of a mandrel. 

According to another sspect of the present mvention, a tie-back liner for 
lining an existing wellbore casing is provided that i^^ 
annular body of cured fhrirtir wealing material The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The annular body of a 
25 cured fhiidfc sealing material is coupled to the tubuto 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the surjport member. The mandrel includes 
30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of 
The tabular nienib»^ The shoe is coaled to the tabular 
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member. The ahoe includes a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillflhle. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary croBs-eectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view mustreting the injection of a 

first quantity of a hardenable fluidic sealing material into the new section of the 

well borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG . 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for formfog 1* <rp«i"g including » rfrillfthle mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croes-sectional illustration of a wellbare w ^wjfa jr a 0 f 
adfafynt overlapping wnangn 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandible tabular member. 
5 FIG. 10c is a crosa-sectional illustration of the pumping of a fhridic sealing 

material into the annular region between the tubular member and the existing 
casing 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandreL 
10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
member oflFof the mandreL 

FIG. lOf isacrofia-aectaooalfl 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expandible tubular member. 
FIG. 11a is a fragmentary crosre 
new section of a well borehole. 

FIG. llbisafragmentarycronn B»xtfamal^iewiDusbfaHngtto 
an embodiment of an apparatus ftohangmg a tubular Ito 
20 of the well borehole. 

HG. 11c is a fragmentary c^^ 
a first quantity of a hardenable flntriic BealingTnfitftrial into the new section of the 
well borehole. 

FIG. lid is a fragmentary croas^ectk^ 
25 of a wiper dart into the new section of the weD 

ITO. lie is a fragmentary cra^ 
a second quantity of a hanftmnffle flniftir sealing material into the new section of 
the well borehole. 

FIG. llf is a fragmentary cross pactional view fflnstrating the completion 
30 of the tubular liner. 



Detailed Description of the Illustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tabular member off of the mandrel by pressurising an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an overlappingjoint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 
10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the exhting tubular member. The 
apparatus and method further *t>™"™*«« the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member offofa mandrel by pressurixing 
and interior portion of the tubular member. In this manner! a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an ex pa ndab le tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An appara tus and me tho d for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a t»bul» 

a ttache d to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Beferring inhialb/ to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbare casing within a subterranean formation will now be 
described. Ab illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an abating cased section 110 haying a 
5 tubular easing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a driU string 125 m used m a weUxnovmmann^ 
subterranean formation 105 to form a new section 130. 

As illustrated in Kg. 2, an apparatus 200 for Ibnnhig a wel^ 
10 asubterraneanfonnationistb^^ 

100. The apparatus 200 pnrferabbjmcladessne^ 

tubular member 210, a shoe 216, a lower cup seal 220. an upper cup Beal 225, a 
fhiid passage 230, affoidpai^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

inember250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 enibodiment,tbeexpandableinand^ 

disclosed in US. Patent No. 6,348,096, the contents of which are incorporated 
herein by reference, modified m accordance with the teachings of the present 
disclosure. 

The tubular nieinber210 is supported by tb^e The 

25 tubular member 210 is expanded mtte 

expandaMe mandrel 205. Tim tub^ member 210 inay be fabricated fro^ 
number of conventional conmercially available materials such aa, for example, 
Oilfield Country Tubular Goods (OCTG), 13 chxoinmm steel tubmgtaismg, or 
plastic tubin^casing. In a preferred embodiment, the tubular member 210 is 

80 fabricated from OCrrom^^ Theinner 
and outer diameters of the tabular member 210 inay range, for exi^ 
apprcxinialeh 7 0.75to47incb« In a preferred 
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embodiment^ the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide tt 1 ™*™*! telescoping effect in the most commonly drilled wellbore sizes. 
The taring** member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 2 05 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tabular member 210 is limited to minhnire the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expendable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional conimercially available shoes such as, for 

15 example, Super Seal n float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, m odi fi ed in 

20 accordance the teachings of the present disclosure in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tabular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic cornmunicaidon with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 215 and tubular member 210. In a preferred embodiment, 
the shoe 216 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball Beating member. In this manner, the fluid passage 240 
can be optimally sealed off by mtroducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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The lower cap seal 220 is coupled to and supported by the support member 
250. The lower cup seal ran prevents *Wign materials firm mtering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection P™»K Pr 
(SIP ) cups modified in accordance with the teachings of the present disclosure. In 
apiefexied embodiment, the lower crup seal 220 compri^ a SIP cup seal, available 
&om Halliburton Energy Service 
material and contain a hnfo gf fabrictmt. 
10 The upper n ip seal 225 iacoiipled to and supported by th^ 
250. Tto upper am teal 225pm 

region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the fa*^***^ of the present 

15 discl o su r e. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup , available from Halliburton Energy Serciceam Delia* 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. Hie Quid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel205. Tb* fluid passage 230 is pref^ 
the apparatus 200. 

25 The fhim passage 230 is prefer^ 

operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gaflons/mmute and 0 to 9,000 
psi in order to Tninimiig drag on the tubular member being run and to 
surge pressures exerted on the weUbore which could cause a loss of weilbore fluids 

30 and lead to hole collapse. 

The fluid passage 235 penmtsfltiidK materials tote 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fiuidic mattriala 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby mTnimiriTig surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for contxollabfy 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimise surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centerline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey Ouidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 
15 new wellbore section 130. 

The fluid passage 240 permits fiuidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. Hie fluid passage 240 preferabfy has a cross-sectional 
shape that permits a plug, or other similar device, to be placed mfhiid passage 240 
to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidkly isolated from the region exterior to the tubular member 210. This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200 . 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or eposes at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. Tn£8ealB245arefurtherpositione^ 
of the end portion 260 of the tabular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tubular member 210 to bo ftukh^Bealed The seals 246 may comprise 
any number of conventional commercially available seals such as, for example, 
10 lead, robber, Teflon, or eposy seals modMed m accordance with th« *»«.i.w. r ^ f 
the present disclosure. In a preferred embodiment, the seals 245 are molded from 
Stratalockepoxy available from Halliburton Energy Servk^m Dallas, TXm order 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optmmfly provide 

a sufficient frictional force to support the espanded tubular member 210 from the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 Tta support mmnbcr 250 iacouple^^ 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annular m e mb er having sufliaent strength to cany the 
apparatus 200 into the new section 130 of the weflbore 100. In a preferred 
emboinment, the support member 250 further includes one or more conventional 
25 centratizers (not illustrated) to help stabflixe the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In t his maime r, the eatniajm ofth« ta,hr.i nT - ^.^^yip^r 
ofthe expandable iimndrel 205 is laohtate^ Thetabricmit276inaycTOiipri^ 
30 number of conventional commercially available tabricana such as, for example, 
Lubriplate, chlorine based hmricants,ofl 

(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisiexe (3100) available from Climax Lohricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cl eaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the mtroduction of foreign material into the apparatus 200 is minimized. This 
wi^itni^Nt the pnMohflity of foreign malarial dogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of wellbore vohimes are 
circulated in order to ensure that no foreign materials axe located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to tmsnre that th> foreign TTrtgrferea with the expansion 

process. 

15 As illustrated in Fig. 3, the fluid passage 2S^ is then closed arid a hardwiah le 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tu^ 

new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pel and 0 to 
1,500 ganonsAnin, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
p umped The optimnmftow rate and operating 

30 u si rg co n y ? ™**™*! empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic seafing materials such as, 
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for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fhndic sealing material 305 compriaea a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while alfio maintaining optimum flow characteristics so as to minimize difficulties 
during the displacement of cement in the axmnlar region 315. The optimum blend 
of the blended cement ia preferably determined using conventional empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 sufficient quantities to ensure that, upon radial expanakm nfthn tatHn^ r ^f^Km* 
210,theaimularregioii815ofthenewa* 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
t hic knes s and/or the outer diameter of the tabular member 210 b reduced fa 
15 region adjacent to the mandrel 205 m order optimally permit placement of the 
apparatus 200 mpositioM Furthermore, in 

this manner, the initiation of the radial «p*t>«PAn of the tubular member 210 
during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 315 hM 
20 filled with niateriid 

fluid passage 240 thereby fluidkjy isolating the interior region 310 from the 
annular region315. In a preferred embodiment, anon-hardenable fhiidic material 
30 6 is then pumped into the interior region 3 10 causing the interior region to 
pressurise. In this manner, the interior of the expanded tubular member 2 10 will 
25 not c ontain wgniffnmt ainonntBof cored material 305. ThiareoHiceaaj^auxinMes 
the costof the entire process, iUternatm^y.then 
this phase of the process. 

Qoce the interior region 310 becomes mrfifiaantfr pr^pri^ *h« toKitW 
member 210 is extruded oflfofthe expandable mandrel 205. During the extrusion 
30 process, the expandabto mandrel 205 m^ 

the tubular member 210. In a preferred embodiment, during the extruaton 
process, the mandrel 206 ia raised at an^^ 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the ertntsiOT 1 pry»ff? " rr>^™gnrari with the tabular member 21 0 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore aection 130 under the force of gravity. 

The plug 405 is preferably placed into the flutt passage 240 by iiu^ucing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The phig 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 f»>ftK»ff TTlflfr"^ Sftfi ft™ thft nnn ImwImmMa fmMte material 306. 

The plug 405 may comprise any number of conventional commer cially 
available devices frompluggingafluid p8SB8^suchas > fOTexample > Multipk Stage 
Cementer (MSQ latch-down plug, Omega latch-down plug or three-wiper latch* 
down phig modified in accordance with the teachmgB of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240 , a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 
20 to 4,000 gallons/min. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is mmlmlrH In a 
preferred embodiment, after placement of the prag 405 in the fluid passage 240, 
the non ha rdenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9 , 000 psi and 40 to 
25 3,000 gallon&fain in order to nrnirmiyyi the extrusion speed. 

In a p re fe rred embodiment, the apparatus 200 is adapted to mfamrift* 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thic^nft^ nf t>w tubular member 210, the type of hibrkant and the yield strength 
of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the mner diameter, and the greater the yield Btrength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the expandable ina 
310 reaches, far example, apiminmate^ 500 to 9^)00 psL 

During the extrusion 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 6 fVeec. Inaprefm^embodimgnti, Amn g thpextruaion 
10 process, the expandate 
tabular number 210rt 
Uietmie required fotte 
the expansion process. 

When the end portion 260 of the tubular 
15 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 wfll preferably contact the interior surface 410 of the end 
portion270ofthecasu^ The contact 

pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pal In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from approx^ 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to araomTnodato typical tensile and compressive loads. 



The overlapping joint between the section 410 of the existing casing 1 15 and 
the section2e5 of the expand^ 
25 and Ouidic seal In a particular^ preferred im 
optimalry provide a fhiidfc 

In a pi*fcm*l embodiment, the operating pressure and flow rate of the non 
hardrrwhle flnidic mntminl 806 is controllahly ramped down whgn th» ~p«T»H»su 
mandrel 205 reaches the end portion 260 of the tubnlar member 210. In this 
30 manner, the sudden release of jnressure caused by the 

tubular member 210 off of the expendable mandrel 205 can be minimised. Ina 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the eiidofthe extrusion process beginnn^ 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the weDbore 100. In a pr efer red embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fiuidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fiuidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 2 10 and the lower portion 270 of the casing 1 15 is satisfactory, 
tb^n anyuncured p^rtim* nf thg material snfi within th*> expanded faihnlar member 
20 2 10 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to core. 

As illustrated in Fig. 6, preferably any i^mabring cured material 305 withm 
the interior of the expanded tubular member 210 is then removed in a 
conventional mnnn»r using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 mrt n ri e s one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 ifl e<malixeddui^ the extrusion pitxess. 

In a preferred embodiment, the sealing members 605 are sea te d within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 membere 605 are bonded or molded onto the outer su^ 

260 of the tubular member 210. The pressure relief hates 610 ere preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operator pressures required to eipandtbe upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 206 upon the completion of the extrusion 
process. This reduction mvetedty to turn m 
entire apparatus 200 upon the comptetion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a weUbore preferably includes an 
20 exp a n d able mandrel or pig 705. an expandable mandrel or pig container 710, a 
tubular member 716, a float shoe 720, alowereop seal 725, an uppercup seal 730, 
afhuo 1 passage 735,afluidpassage740,a8u^ 

750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

26 The expandable mandrel 705 is coupled to and supported by the support 

member 746. The expandable mandrel 705 is lurtbm- coupled to the expamh^ 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllabry expand in a radial direction. The expandable mandrel 705 may 
compriBeanynuieJ)er of conventional 

30 moo^fiedmaccordancev^tlie teachings (rf In a preferred 

embodiment, the expandabte mandrd 7W 

substantially as disclosed in UA Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandab le mandrel container 7 1 0 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 ia further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
thickness than the tabular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pre fer red embodiment, the tubular member 715 baa a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810 y and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top aectian 820 of the tabular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity ofthe top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
6 tubular member 715. 

In a preferred embodiment, the wall th if knesa of the upper section 805 of 
the tubular me mber 7 1 5 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faciliate the initiation of tte 
10 700 to be positioned in locations in the wefflbore having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 716 may range, fcr example, frtm about 1.05 to 48 inches and 1/8 
to 2 inches, respectively. In a p r e fe rred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to 1J!5 Inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, far example, from abcrat 2.5 to 50 inches and 1/16 
to 1.25 inc he s, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 125 inches, respectively. In a particularly 
preferred embodiment the wall thickness of the lower section 815 of the tubular 
member 715 ia further increased to increase the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are uaecL 

Tto tubular member 715 pref^ In 
SO a preferred embodimen t, the end portion 820 of the tabular member 715 is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes tha extrusion of tubular member 715. In a preferred embodiment, the 
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length of the tubular mprnW 7 1 fi is limited t/i mim'mige tha paggfhiKty ofbnHtlfng 

For typical tubular member 715 materials, the length of the tabular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elementa, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of lolid material 840 for increasing the strength of the 
shoe 720. In a particularly p r efer red embodiment, the body of solid material 840 
comprises ahx minnm ■ 

The shoe 720 may comprise any number of conventional commendally 
available shoes such as, for example, Super Seal II Down-Jet float shoe, ox guide 

15 shoe with a sealing sleeve for a latch down phig modi fi ed in accordance with the 
teachings of the present disclosure. In a p r efer red embodiment, the shoe 720 
comprises an aluminum do wn-j et guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 

taihtiWinPtnW 71 fi mvl ati CXistingWellboreCaSmg, mHiftftptmallyfamliatethft 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported hy the support member 
745. The Lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cop seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosu r e. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cop seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, far example, TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings ofthe present disclosure. In a preferred embodiment, the uppercup seal 
730 comprises a STP rap avaflahU fV-mr> ^nn'">vartm Energy Services in D^Har, TX 
in order to optimally provide a debris barrier and contain a body of lubricant 
The fluid passage 735 permits fluidic materials to be transported to and 
10 from the interior region of the tubular member 715 below th» ^^t^kIo mandrrl 
706. The fluid passage 736 is ftaUkfy coupled to the fluid passage 740. The fluid 
passage 736 is preferably coupled to and positioned withm the support imm^ 
760, the support member 746, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferahh/ extends from a position adjacent 
15 to the surface to the bottom of the nrpandaMft mandrel 70S. The fluid passage 735 
is preferably positioned along a centerlme of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxiea at flow rates and pressures ranging from about 40 to 3,000 gallons/minute 
and 500 to 9,000 pel in order to provide sufBdent operating pressures to extrude 
20 the tubular member 716 off of the expandable mandrel 705, 

As described above with reference to Pigs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be releiisedmto 

In a preferred embodiment, the apparatus 700 further includes a pressure release 
26 passage that is coupled to and positioned within the support member 260. The 
preesurertOeane passage is turt^ ^ 

Preware release passage preferahh/ includes a control valve for eontrollably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activatedmor^ ^ 
30 pressure release passage is preferabtypositm^ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilh^nmd or epoariesiit flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 7 00 during insertion in to a new section 
of a wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fhudic materials to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expendable mandrel 
705. The Quid passage 740 preferably has a cross-sectional shape that permits a 
plug, ox other similar device, to be placed in the inM 830 of the fhiid passage 740 

10 to thereby block further passage of fluidic materials In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidity isolated from the region exterior to the tubular member 7 15. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an «T»miaf> region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passag e 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or ft ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a prefer i ed emb o dime nt, the apparatus 700 further includes one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of ^ m" 11 ^^ commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 



present disclosure. In a preferred embodiment; the seals 846 comprise seals 
molded from StrataLock epcxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
6 existing rasing with optmial load Dealing 
715. 

mapreferred embodiment, the seals 846 are selected to provide a sufficient 
frictionai force to support the expanded tubular member 715 from the existing 
easing. In a preferred innbodimmt, the friction^ 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expande d tabular member 716. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

15 700mtoanavrssrttonofawellbore. Thesnpnortmenmer 745 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other bigh strength tubular inodified in 
accordance with the teachings of the present disclosure. In a preferred 
emb o d iment , the support member 745 comprises conventional drill pipe a vailable 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 760 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular inember 715. Intbisnumner.tbeeatrusionaftte 
off of the expandable mandrel 705 is facilitated. The hahrieant 705 may comprise 

25 any number of conventional commerciauy available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based lubricants, or CMmax 
1500 AnMsiexe (3100). In a preferred embodiment, the lubricant 760 comprises 
Climax 1600 Antisieze (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide hibrication to fariliate the extrusion 

30 process. 

The overshot connection 755 is co^ 
support member 760, Tbaoversbntcomiectfon 755 preferably p 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstrmg Sealing Adapter, 
Innerstrmg Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstrmg 
Adap ter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support mem ber 760 
10 preferably rump"— *» annular Timber having sufficient strength to carry the 
apparatus 700 into a new section of a weBbcre, The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, ste^A 

modified in accordance with the teachings of the prese nt disc lo sure. In a preferred 
15 einbodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferabry stabilises the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or draghtoclPT *n™l |fi gd * n accordance with the teachings 
25 of the present disclosure. In a preferred ernbodmient, the stabilizer 765 cot 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, IX. 

In a pref erred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
is fflprfm**!^ This minimizes the possibility of foreign material dogging the 
various Qovf passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weDbore volumes are circulated 
through the various flow passages of the apparatw 700 to order to ensure that no 
foreign materials are located within the wellbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 706 during the expansion process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Kgs. 1-7 to form a new secturo of casing within 
a wellbore. 

10 ABilbastTatedmr^8.manalfa ul ijiU WWI ,.^r < ...^mT,K^; — nt, the method 

and apparatus described herein is used to repak an existmgweObore easing 805 
by forming a tubular liner 810 mside of the existing wellbore wuring 806. In a 
preferred embodiment, an outer annular fining of cement is not provided in the 
repaired section, hi the alternative preferred embodhnent, any number of fluids 
15 materials can be used to expand the tubular hner 810 mto intiniate cmt^ with 
the damaged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members815 are preferably provided at both ends of the tabular member in order 
to optimally provide a fmidic seal In an alternative preferred embodiment, the 
20 tubuJarlixun- 810 is formed vritb^ 

as those usedtotransport hydi ocaiU oi isor water, with tne tabular liner810placed 
in an overlaj^relationahip with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without havmg to dig out and replace the 
damaged sections. 

25 In another alternatrro preferred enilxxliment, the method and apparatus 
deKrib^ harem is usedtodirecthy lines ma 
px efta^ embodiment, an outer annular hnmg of cenient is not provided between 
the tubular liner 810 and the wellborn In the alternative preferred emlxxliment, 
any number of fluidic matm n l a can be used to expand the tabular liner 81 0 into 

30 mtimate<^tact with the wellbore such as, for ex 
or drilling mud. 



Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expendible tubular 
Tnprmhpr 302, a Kiipport member 904. an expandible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 permits eaayremoval of those elements by drilling them out. In this 
manner, the assembly 900 can be easOy removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably in chide* an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
90s by pressurising an interior region 966 of the tabular member 902. The 
tubular member 902 preferably has a substantially a nnu l ar cross-eection . 

In apartteulariy preferred embodiment, an prrwnriflhlft tabular member 915 
is coupled to the upper portion 9 10 of the expand a b le tubular member 902 . During 
15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
of the mandrel 906 by pressurising the interior region 966 of the tubular member 
902. The tubular member 915 preferably has a substantially annular cross- section. 
In a preferred embodiment, the wall thiHmess of the tubular member 915 is 
greater the wall thickness of the tubular member 902* 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a p re fer red embodiment, 
the tubular member 915 is fabricated from oilfield tubular* in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 
25 In a particularly preferr^ 

point ranging from about 40.000 to 135,000 psi in order to optimally provide 
approximately the sa^ Thetubular 
member 915 may comprise a pluralny oftubu^ 

In a preferred embodiment, the upper end portion of the tubular member 
30 915 includes one or more sealing members for optimally pwrviding a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 



In a preferred embodiment, the combined length of the tabular members 
902 and 915 are limited tn minimize ^»im^lf<y ttfbuckliDg For typical tubular 
member m a teri als, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferabty coupled ^ 
the shoe 908 by a threaded connection 968. The mtermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available twaf**™!* goch as, tor example, o ilfield 
tabular*, bwalloy steels, titanium or stainless sto^ In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tubnlars in order to optimally 
provide approximate^ the same mechanical 
In a particularly pirferre^ 
15 point ranging from about 40,000 to 135,000 pai in order to optimally provide 
approximately the same yield properties as the tabular m 

wall thickness of the upper, mtennediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for ^nTnpl^ from about 1/16 to 1.6 
inches. In a preferred embodiment the wall thirknpwi of the upp»r, intermediate, 
20 and lower portion^ 910, 912 and 914rf 

1/8 to 1.25 in order to optimally provide wall th^^ ftf ? thflt are about the same as 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the uppCT 
and 914 of the tabular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 % to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubnlars 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 commer cially available tubular members modified in accordance with the teachings 
of the present disclosure* In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Gooda available from various U A steel mills. 
The tubular member 915 may comprise any number of conventional c ommer cially 
available tubular members in accordance with the teachings of the 

10 prtmit'K'*' 1 "*"™ Tn a jirwfgn pad impediment, the tubular member 915 compriaes 
Oilfield Country Tubular Goods available from various U.& steel milla. 

The various elements of the tubular member 902 niay be coupled usmg any 
number of conventional process such as, for example, threaded connections, 
welding or wnwhinftd from one piece. In a preferred emb odi ment , the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 916 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a p 

endL The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The sur>port member 904 preferably includes an innerstring adapter 916, 

a Quid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 
conventional commercially available T^t-rn 1 * such as, for ermnple, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 



embodiment, the support member 904 is fabricated from low alley steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

Tb*fhridpaflsagB918faprefeCTb^ 
to and from the apparatus 900. In a preferred emb«iimen^ 
is fhrididy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 ia mad tn convey hardenable r^ing matfrrmfa to and from the 
apparatu*900. In a particular preferred embody 

include one or more pressur e relief passages (not illustrated) to release fluid 

pressure during positioning of the appan^ 900 within a wellbore. In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centeriine of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 

to permit the conveyance of hardenable fluidic materials at operating pressures 

ranging from about 0 to 9,000 psL 

The upper guide 920 ia coupled to an upper portion of the support member 

904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 916. Hie upper guide 920 mitf emprise any number 

of conventional guide members modified in acconlan» 

present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
iniierstrtagadapter avails 

to optimally guide the apparatus 900 within the tubular member 916. 
26 Its coupling 922 couples the support m The 
coupling 922 pra&rabtr comprises a conventional threaded connection. 

The various elements of the support member 904 m«y be coupled using any 
number of conventional processes such as, for example, welding, threaded 
c onnect i o ns or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expanrion cone 928» a lower cone retam 



934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 94S, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cop 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materialainto the fatannr region flra of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SEP) cup. In a pr e f erred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TK in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior regk>n 972 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Oimax 1500 Antiseize 
(3100). In a preferred embodiment, the hibricant comprises Climax 1500 Antiseixe 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide hibrication to fsriliat* the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred ernbodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a prefer red embodiment, axial movement 
of the expansion cone 928 is prevented the lower cone retamer 930, housmg 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably hasasubstanualbranmilara^sect^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
th ickne ss of the expansion cone 928 ranges from about 025 to 0.75 inches in order 
to opthnaHy provide adequate compressive strength with minimal mut^ri al The 
10 maximum and mininmm outside di*m«fcnr« of the wp"^ cons Qftft m y ran g e, 
fbrexamp!e,froraabout lto47 inches. In a preferred embodiment, th« 
and minimum outside diameters of the expansion cone 928 range from about 3.5 
to lSmordertooptmi^ 

The expansion cone 928 may be fabricated from any number of conventional 
16 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred embodiment 

from tool steel in order to optimally provide high strength and abrasion resistant 
The surface hardness of the outer surface ofthe expansion cone 928 may range, for 
example, from about 60 Rockwell C to 70 Rockwell C. In a preferred embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in oader to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

26 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing940. In a preferred embodiment axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 93 0 has a substantially annular croes-eectkm. 

The lower cone retainer 930 may be fabricated from any number of 

30 conventional commerciauy available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 5S Rockwell C to 62 Rockwell C 

5 inorder to c^rtimally provide high yield strength. In a prefer^ 

lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and to 

10 cone 928 are formed as an integral one-piece element in order re^ 

of components and increase the overall strength of the apparatus. Hie outer 
surface of the lower cone retainer 930 preferabry mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906 . 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In thin manner, the mandrel 906 may be easily removed using a 
conventional H rfning device. 

The body of cement 932 may comprise any number of conventional 

20 c ommerciall y availa b le cenient compounds. Alternatively, ahirninum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferabry has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of tte 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferabry has a substantially annular cross- se ct io n . 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 9S4 preferably mates with the inner surface 
of the taibiilar member 902 to provide a eliding fit 

The extension sleeve 336 is coupled to the lower guide 934 and the hou^ 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The e xtension sleeve 936 preferably has * suh Bt antisl ry annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alloy steel or stainless steeL In a preferred embodiment, the 
10 extension sleeve 936 ia fabricated fro^ 

highyieM strength. The octersurfaceof the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a phig or dart can be c^^ 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially jmnnW cross-flection. 

Tbe spacer 938 may be fabri ca t ed from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spa» in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 
25 with the end ofthe extension tube 960. In a preferred embodiment, the spacer 
938 and the wealing sleeve 942 are formed hh an integral m^pi^ » m trrdpr 
toretrucethennmbertf 

Tbe housing 940 is coupled to tbe lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 982, and tower cone retainer 930. During 
SO operation ofthe apparat^ 

motion ofthe expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available t^p***"* 1 * such as, for example, oilfield lobulars, low alky 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to minimixe the number of 
components 

and increase the strength of the apparatus. 
In a particularly p refe rre d pmMHrmpnfc, the interior surface of the housing 
940 includes one or more protrusions to fecOiate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 982, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the Bealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
Bealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated torn aluminum in order to optimally provide 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross^lectianal shape designed to provide increased rigidity. In a particularly 
preferred embocUment, the upper cone retainer 944 has a cxossreectional shape 
that is substantially I-thaped to provide increased rigidity and minimise the 
10 amount of material th^ 

The lubricate mandrel 
926, the upper cone retainer 944, the fabricator sleeve 948 f and the guide 960. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably , the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercial^ available materials such as, for example, steel, 
aluminum or cast iron. In a pr e fe rred embodime nt, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimally provide drfllabflity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the uj^ 

948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 

sleeve 948 has a substantial^ annular mas-section. 

The lubricator sleeve 948 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred emhodhnpnt, the lubricator atoeve 948 is 
30 fabricated from aluminum in order to optimally provide drillabflity of the 

lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946 f the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantia^ 

The guide 950 may be fabricated from any number of conventional 
commercially available tn«»«rini« such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rate rangmg from ab^ 

to optmiaUy provide pressures and flow 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be conpledxising any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954 , a body of cement 956 , a 
sealing sleeve 958, an extension tube 960 f a fluid passage 962, and one or more 
outlet jets 964, 

30 The housing 954 is coupled to the bexfy of cement 956 and the lower portion 

914 of the tabular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the crtmsum and positioning of the tubular member 902. 
Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for pmmple, steel or aluminum In a 
5 preferred embodiment^ the housing 954 is fabricated from aluminum in order to 
optimally provide driflabiKty of the housing 954. 

In a particularr/ piefeiied embodiment, the interior surface of the hanging 
954 includes one or more protrusions to facfliate the connection 
of cement 956 and the housing 954. 
10 Thahody of camgnt ftfifl M«mplirf in the hntt King OKI and the sealing sleeve 
958. In a preferred *mihoriftnent, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling wm^Tiw i jrryrf proc esB ea . 

The composition of the bocry of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drOlable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the bocry of cement 956, the extension 
tube960, the fluid passage 962, and one ormore outlet jetB 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fhiidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to inject the hardenable fluidk material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 

25 includes an inlet geometry that permits a conventions! phig or dart 974 to become 
lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
may be b locked thereby fluidkry isolating the interior region 966 of the tubular 
member 902- 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
80 anmilarcroes-section. The sealing sleeve 958 may be fabrfcat^ 

of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
ma teri al from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fhridicfy isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fariliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated from anynumber 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from ph™*™*™ in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 ia positioned about the centeriine of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to c onv e y hardenab le fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/mm in order to optimally 
provide fluids at operationally efficient rates. 

30 The outlet jets 964 are coupled to the sealing sleeve 958, the extensio n tube 

960, and the fluid passage 962. During operation of the apparatus 
jets 964 preferably convey hardenable fhudk material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908iiHindesaphirali^ 

In a preferred embodiment, the outlet jete 964 comprise passsges drilled in 
the housing 954 and the body of cement 966 inortetosmipUfythecoiistroct^ 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a pretoed embodiment, the a 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a weDbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wettbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment,^ Inft 
preferred embodiment, a hardenable fhzidic sealing hardenahle fluidic sealing 
20 material ia then pumped from a surfcce location into the ftatf passage 918. The 
hardenah le fluidic aealin g material than passes ttom the fluid pass a ge PI 9 int o the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material to passes ft^ the interior r^n 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outlet jets 964 and fiDs an annular region between the 
eiterior of the tubular member 902 and the interior wan erf the new aectionrf 
wellbore. Continued pumpingof the hardenable fhiidic aealingmaterial causes the 
material to fill up at least a portion of th* *™<n\*r 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures ai^ 

5,000 psi and 0 to 1,500 gallonr/mm, respective^. In a preferred embodiment, the 
hardenable fhiidir Bratin ^material i« p*™?prd into *W flnWm- r^rm Btpmpurep 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circnlatmg pressures such that tircolation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional co mmercially available hardenable P ^HV sealing materials s uch as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The *>™vnl«y region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with hftrdpnahle fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidity isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embo diment , a non hardenable fluidic ^ate**^ is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by mtrahicdng the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior ofthe tubular members 902 and 916 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. Doringtbisertrra 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introduce tha phig or dart 974 into 

a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially avaflfthto devices frw phigg^g * flnid p«<^ £^ nyrh as, 
for example, Multiple Stage Cementer (MS© latch-down ping. Omega latch-down 

10 plug or three-wiper latch & 

the present disclosure. In a preferred embodimn 
a MSC latch-down ptagavaflab^ 

After placement of the plug or dart 974 in the fluid passage 982, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gaflona/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable inandrel will begin when the pressure 

20 of the interior region 966 reac hes app roximate^ In a preferred 

embodiment, the extrusion of the tubular members 902 and 9 15 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gaDons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In apreferrod embodiment, dhiringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fest enough to permit efficient operation and 

30 permit full expansion of the tu^^ 

hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion ofthe tubular member 
915 will preferably contact the interior surface of the lower end portion of the 
erriffting casing to form an fluid tight overlapping joint. The contact pressure ofthe 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a preferred embodiment, the contact pressure ofthe overlapping joint between the 
upper end ofthe tubular member 915 and the existing section of weUbore casing 
ranges from apprui imatafr 400 to 10 ,000 psi in order to optimally provide contact 
pressure to activate the sealing m 

10 the tubular member 915 and existing wellbore casing wm carry typical tensile 
compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fhiidic material will be controllably ramped down when the mandrel 
906 reaches the upper end portion ofthe tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 916 off of the expandable mandrel 906 can be minimised In a prefer red 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an altern ativ e pr e fe rred embodiment, the operating pressure and/or flow 
rate ofthe hardenable fhiidic sealing material and/or the non hardenable fhiidic 
material are controlled during all phases of the operation ofthe apparatus 900 to 
minimise shock 

25 AKernatfrefoormcoinbina 

member 904 in order to absorb the shock caused by the midden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catcher at least decelerate the mandr el 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the weUbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity ofthe fluidic seal ofthe overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using convents If the fhiidic seal of the overlapping 

joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 hardenable flnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Ttw hardenable flnidic g mfltcrinl 
within the annular region between the expanded tubular member 915 and the 
existing casing and iw 

Preferably my remaining curt^haidm 
10 the interior the exp 

conventional marmflr using a ooxrventumal drill string. The resulting new section 
of casing preferably includes the expawled tubular meinbers 902 

and 915 and an 

oatar annular layer of cored hardenable flnidic sealing materiaL The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 

15 drilling out the shoe 908 using conventional drilling methods. 

In an alterna t i v e embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the weDbore due 
to a malfunction. In this circumstance, » conventional drill string ia uaed to drill 
out the interior sections of the apparatna 900 in order to facilitate the rem ov al of 

20 the rexnaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for ™»m r t» cement and 
alxuumum, that permit a conventional drffl string to be employed to drill out the 
interior c ompon en ts. 

In particular, in a preferred embodiment, the composition of the interior 
26 sections of the mandrel 906 and shoe 908, mchiding one or more of the body of 
cement 932, the spa« 938, the sealing 
the lubricator mandrel 946, the fabricate sleeve 948, the guite 
954, the body of cement 966, the sealnuj sleeve 95^ and the extend 
are selected to permit at least some of these components to be drilled out using 
30 conventional drumigmetho<is and apparatus. In tins manner, in the event of a 
malfun ct ion downhole, the apparatus 900 may be eastty removed from the 
weUbore. 
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Referring now to Figs. 10a, 10b. 10c, 10d, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annulns 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by «™p«»T»d™g a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. lla-llt 

10 In a particularly preferred embodiment, an upper portion of the tubular 
liner 1012 overlays with a tower portion of the tubular liner 1008. Inaparticulariy 
pref erred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

16 Referring to Fig. 1 Ob, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1 105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with tfte teachings of the presen t In a preferred 

embo diment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, n^ 
present disclosure. 

30 The tubular member 1 110 is coupled to and supported by the expandable 
mandr el 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, IS chromium tubing or plastic piping. In a preferred embodiment, 
the tabular member 1110 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1110 may range, for 
5 exa m p le, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment 

1110 range from about 3 to 15.5 inches airi 3* to 16 inches* reapec^^ 
to optimal^ provide coverage for frpinil oilfirid caring rise* The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, theupperendportkmof the tubular meii^ 
1110 is slotted, perforated* or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimiw> possibility of buckling. For typical tubular member 1110 materials, 
15 the length oftbe tubular member 1110 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. Tlieshoe 11 15 includes the fluid passage 1135. The shoe 1115 may 
comprise any number of conventional commercial^ available shoes such as, for 
20 example, Super Seainfloatsh^ 

with a sealing sleeve for a latch down phxg modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
phig with side ports radiating off of the exit flow port available from Hallib urton 
25 Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimal^ guide the tubular member 1100 to the 
overlap between the tubular member 1100 sad tfaeeaaiDfflOl^optbnal^flaidic^ 
isolate the interior of the tubular member 1100 after the latch duwn plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1116 bwmdes one or more side outlet 
ports 1 140 in flnidk co mmunication with the fluid passage 1135. In this manner, 
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the shoe 11 15 injects hardenable fluidic sealingmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1 120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1 105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
guch as, for errnnplpi f TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferr e d 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1 135 permits fluklic material* to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1 105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a phig,(H- others 

passages 1140 to thereby block farther passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the mterior region of the tobnlarmember 1110 below 
the expan d ab le mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferahry selected to convey materials 
10 such as cement, drilling mod or epoxies at flow rates and pressures tanging from 
about 0 to 3,000 gallona/minut© and 0 to 9,000 pd in order to optimally fill the 
annular region between the tubular member 1110 and the 
fluidic materials. In a preferred embodiment, the flmd passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 other similar dev^ 
to be fluidkry isolated 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapr^joint between the upper eiid portion of the casing 1012 and the lower 
end portion of the tabular member U10 to be Oraficry sealed. 

The seals 1145 may comprise any number of conventional conunercially 
available seals such as, for example, lead, rubber. Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals molded from Btratalock epoxy av ailable 
from Halliburton Energy Services in Dallas, TX in order to optimally provide e 
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hydrauli c seal in the overlappingjomt and optimally p rovi de load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are select ed to optimal^ provide 
a sufficient frictional force to support the expanded tubular member 1 110 from the 
5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1 9 000 9 000 M in tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellborn 1000. In a piefexml embodiment, the support 
member 1150 further includes one or more conventional centralism (not 
illustrated) to help stabilize the tubular member 11 10. 

In a p re f erre d embodiment, a quantity of lubricant 1150 is pro 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiseize (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiaeize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, IX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1 1 00 is minimised. 
This minhnixes the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion proc ess . 

In a particularly preferred embodiment, the apparatus 1100 mchides a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fhiidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellborn 1000 below the 
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apparatus 1100. The packer 1155 may comprise air/ number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX. In an alternative embodiment, a high gel strength pill may be set 
below the tie-backinplaceofthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1100, a couple of weflbore volumes are circulated in order to 
10 ensure that no foreign matm-ialg are located within the wellbore 1000 that might 
dog up the various flow passages and valves of the ap p aiaiu a 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenahle fluidk sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1 1 60 causes the material 
1160 to fill up at least a portion of the antmhrr region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galtona/min, lespectivery. In a preferred imihodinvm 

into the annular region at pressures and flow rates specifically Ae*ngn*** for the 
casing sizes being run, the »™tuio*» spaces being filled, the pumping eq uipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures axe preferably ^mlatH using conventional empirical methods. 

30 The hardenahle fluidic sealing material 1160 may comprise any nnjnber of 

conventional commercially available hardenable flntdi c sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
5 operational difficulties during the displacement of cement in the annnlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
10 annular region will be filled with material 1160. 

As illustrated in Fig. lOd, once the annnlarregion fr—Wm adequately filled 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fluididy isolating the interior 
region of the tubular member 11 10 from the annular region external to the tubular 
15 member 1110, In a preferred embodiment, a nonhardenahle fluidic material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or mate plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan harripnnhlft fluidic 
20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 fa minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tabular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 11 10. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1 1 30 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example , 
30 brass balls, pings, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 hardenable fluidic material 11 61 is preferably pumped into the interior region of 
the tubular member 1U0 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gallosatain. 
In a preferred embodiment, after placement of the plugs 1165 in the fhnd passages 
1140, the non hardenahlfl fluidic material 1161 is preferably pumped into the 
10 interior region of the tubular member mo bekw the mandzd 1105 at pressure 
and flow rates ranging from approxim ately 1200 to 8500 psi and 40 to 1250 
gallonaftnin in onier to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psi In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process,^ 

out of the expanded portion of the tabular member 1110 at rates ranging, for 
example , from about 0 to 5 ft/sec In a preferred embodiment, during the extrusio n 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ranging frcmiabo^Oto2ft/8ecmonlertooptimaUy 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1160 cures. 

In a preferred wnhodtment , at least a portion llflOrfUie tubular niember 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands file section 1 180 of the tabular 
30 member 1110, at least a portion of the expanded Bection 1180 effects a seal with 
at least the weflborecaaing 1012. In a particularly preferred embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section 1180 and 
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the w^Ubore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about BOO to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensDe and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tulmlar member 1110 has an internal diameter less 
diameter ofthe mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tabular member 1110 and the existing easing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1 145 and 
15 provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate ofthe 
material 1161 is controUabfy ramped down when the exp a nd able mandrel 1105 
reaches the upper end portion of the tubular niember 1110. In this manner, the 
20 sadden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimized In a 
preferred einbodiment, the operating pressure of the ftaidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 
Alternatively, ormcombmation, aao^ 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1 1 1 0 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the weHbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fiuidie seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular Kner 1108 is tested 
using conventional methods. If the fhridic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tubular member 1110 is then removed in a conventional manner. The 
10 material 1160 within the annular regbn between the tulmlarm 
the tubular Kner 1008 is then allowed to cure. 

As illustrated in Fig. lOf; preferably any remaining cured m ater ial 1160 
within the interior of the expanded tubular member 1 110 is then removed in a 
conventional mwTiTifn-iigmygf^nm^H/wai^Tn fftrfng The lesultxngtie-back liner 
15 of casing 1170 includes the expanded tubular member mo and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and pecker 1155 using conventional drilling methods. 
20 In a particularly pr efer red embodiment, the apparatus 1 100 incorporates 

the apparatus 900. 

Referring now to Figs. lla-llf v an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 includes an existing 

a tubular casing 1215 and an annular outer hryer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1206, 
a drill string 1226 is used in a well known manner to drill out material from the 
subterranean formation 1205 to formanew Bection 1280. 
30 AsilhistratedmFi^ 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably indudes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to contxollably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
n umber of conventional commercially available expandab le mandrels m odified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in U.S. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modifl^m accordance wi^ 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 maybe fabricated from any number of materials such as, for example, QQfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range 9 for 

20 example, from approximately 0.76 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
13 10 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide minimal tejescopingeffect in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the waU 

1355 of the tubular member 1310 range from about SVB to 1 % inches and 3 M to 
16 inches, respectively. In a pref erred embodiment, the wall t h i ckne ss and outer 
30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respecti v ely. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 of the tubular member 1310 is less than or equal to the 
5 wall thickness of the upper and lower sections, 1355 and 1355, of the tubular 
member 1310 in order to optimally facfliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
16 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
airy number of conventional oommercialry available shoes audi as, for example , 

20 Super Seal U float shoe, Super Seal II Down^et float shoe or guide shoe with a 
sealing sleeve for a latdwtown plug modified in accordance with the te 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe w^asealiDgdeevefaralatc^owni^availa^ 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of thenresent disclosure, in order to optimally gnkte t>*» fai>«i1*T m»Tnhm- 
1310 into the wellbore 1200, optimally fluidity isolate the interior of the tubular 
member 1310, and optimally permit the complete drffl out of the shoe 1816 upon 
the completion of the extrusion and ^mtlng operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 

30 outlet portemfluidfecornmimi^ In this manner, 

the shoe 1315 preferably injects hardenableflnidic ~» T ^ffTnfrtriial into the regkm 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
r eceiv e a fluidic sealing member In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1306. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 130& The fluid passage 1320 is preferably poritioned along 
& centeriine of the apparatus 1300. The fluid passage 1320 Is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressure ranging fix>m about 0 to 3,000 gallonatainnte and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

16 opfftfltfo^fflly wflRomt rates. 

The fluid passage 1330 permits fluidic mfltorinin to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
p assag e 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the ex pandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block farther passage of fluidic mat e rial b. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandab le 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. Tfcispermits the interior region 1370 of the tubular mexnber 1310 
below the expandable mandrel 1805 to be pressu r ized The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 ganons/miirate and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular m 

1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offbyintrodimng a phxg, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
c omnniniratio n with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centeriine of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 peri in order to optimally fin the annular region 
between the tubular member 1 3 1 0 and the new section 1230 of the weHbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidicfy sealed. The 
seals 1340 may comprise any number of conventional commercially available seal B 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teaching* of the present disclosure. In a p re fe rred embodiment, the seals 
1340 comprise seals molded from Btratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to opthnally provide a hydraiiHc seal in the 
annuhis of the overlapping joint while also creating optimal load bearing capability 

25 to withstand typical tensile and compressive loads. 

Inap^exred embodiment, the seals 1340 are selected to optimally provide 
a sufBcimtfrictional force to rapport tins expanded tabular m 
existing casing 1215. In a preferred embodiment, the ir^^ 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the i«pmi*«i?ip mand rel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodim ent, the support member 1346 further includes one or more conventional 
centralixers (not illustrated) to help stabilize the tubular member 13 10. 
5 In a preferred embodiment, the sud^ 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the iiitroduction of foreign material into the apparatus 1300 is mm imirpri 
This minimizes the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 
10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tabular member 1310. The wiper plug 1350 mchides a fhiid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
compnse one or more conventional commercially available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that migit dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. 11c, a hardenable fluidic wading material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the flnid passage 1376, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 



• 58- 



fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tabular member 1310 and the interior^ 

1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the region 1390. 

5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1^00 gallons/nun, respective*/. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallons/mm, respectively, in order to optimally 

10 fill the annular region between the tubular member 1310 and the new section 
of the wellbore 1200 with the hardenable fhndic sealing material 1380. 

The hardenable floidic sealing mate rial 1380 may comprise any n umbe r of 
conventional commerciaBy available hwrripnnhl* fluidic «mBtqr materi als such m, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the wen eecticmbeu^ 

Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the «nmii«rr region 1390. The optimum blend 
of the c ement is preferably determined using conventional empirical me t h od s. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 erf the weU 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380 y a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preierab^ 
fluid passage 1320bvanonhAHmftbIff fKi^Tnp^ffi 1^1 The wiper dart 1395 
then preferably engages the wiper plug 1360. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiperplug 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and ftuididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable Qui die material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 

5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1805. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commerce 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down phig/dart modified in accordance with the t ea chings of 

15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, IX 

After blocking the fh^ 1330 and wiper 

20 dart 1395, the son hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example , from 
approximately 0 to 5000 psi and 0 to 1,500 galtons/min in order to optimally 
extrude the tubular member 1310 oft of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimised. 

In a prtf erad frfflh™**™"^ WnAmg the fluid passage 1330. the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates rangm 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 ™«inf»iT» the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 
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For typical tabular members 1310, the extrusion of the tubular member 
1310 oft of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a fimctkm of the tubular member diameter, wall 
t hicknes s of the tubular member, geometry of the mandrel, the type of hibricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating 
determined using conventional empir ical methods. 
10 Poring the extrusion process, the expandable mandrel 1305 may be raised 
out of the expanded portion of the tubular member IS 10 at rates ranging; for 
example, from about 0 to S ft/sec In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator atjjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1805, the outer surface ofthe upper end portion 
20 1355 ofthe tubular member 1310 wfflpretod^y contact the 

lower end portion ofthe casing 1215 to fom an fluid tight overlapping joint The 
contact pressure of the overlapping Joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from ap pr oxim ately 400 to 10,000 psi in order to 
25 optimally provide contact pressure sufficient toe 

enough resistance to withstand typical tensile and compressive loads. In a 
Particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
30 har riffl a hlefh ild i rma t e ri all381ia 

mandrel 1305 reaches the upper end por^ 

In this manner, the sudden release of pressum caused ^ the complete extrusion 
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of the tubular member 1310 off of the expandab le mandrel 1305 can be nfntr^Tffd. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Altfmativply, or f* combination, « Bbfy^flhanT^Mpravidfldm the support 
inpmW 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1355 of the tubular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. Inaprefeiredembodiim 
the removal of the expandable mandrel 1305, the integrity of the fluidk seal of the 
15 ovexlappingjoint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 12 15 is tested using conventional methods. If the 
ftuidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed me conventional maiiner. The material 13^ 
region 1390 is then allowed to cure. 

As Qhistrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 incfadfft th? yrpmded tnhular member 1310 and an outer annnlar 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 m 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 frvrmfrHriTi has Honwrihad tW includes frg^Hfaga tnhnlar liner and a mandrel 
in the borehole. A body of fluidic materia) ia then injected into the borehole. The 
tabular liner is then radially expanded by rdrnv^g the liner off of the mandrel 



Hie injecting preferably includes injecting a hardenable fiuidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenahle fhxidic material into an interior region of the 
tubular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular region from the interior region before injectu^ 
quantity of the non hardenable sealing material into the interior region. The 
injecting the hardenable fluidic sealing material la preferably provided at 
operating pressures and How rates ranging from about 0 to 6000 pa and 0 to 1,600 
gauonsAnin. The injecting of the non hardenable fluidic material is preferably 
10 provided at operating pressures and ftowratesrangtagtnmaboutMOto 

and 40 to 3,000 gnnonnfrifa The injecting of the mm hardenable fluidic material 
is preferabfr provided at reduc 

portion of the extruding. The non hardenable fluidic material is preferably 
injected below the mandreL Tbe method preferabtyindudespres^ 
16 of the tubular liner below the mandreL The region of the tubular liner below the 
nuuidrd is preferably pressu 

The method preferably inchides fluidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method further preferably 
inrt u des curing the hardenable sealing material, and removing at least a portion 
20 of the cured seating material located within the tubular liner. The method further 
preferaMyinchideaoveriapp 

The method further preferably includes sealing the overlap 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 
25 casing. The method further jirefen^ 

the overlap between the tubular Knar and the existing wellbore casing. The 
method further preferabty 

fluidic sealmginato T*e method further 

preferably includes lubricating the surface of the mandreL The method further 
30 preferably includes absorbing shock. The method further preferably includes 
catching the mandrel upon the ftrwnpMion «f»y extruding 



An apparatus for creating a casing in a bo rehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and in chides a second fhud passage. 
5 The tabular member is coupled to the man^ Tie shoe is coupled to the tubular 
lmerandinchidesathirdfhitt The first, second and third fluid passages 

are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The siipport member preferably mchicks one or more sealing members 
adapted to prtrron t forWg* 1 ™«t*™l frmn entering an interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from ^ 

Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 16.5 inches and 3.5 to 16 inches, respectively. Tne tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 pat The tubular 
member preferably includes one or more sealing members at an end portion The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion far slowing down the xnandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a phig for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first feutalar member havm^ diameter greater than an outer diameter of 

the second tubular member, has been described that indnd ea positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping rektianship, pressurising a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is prefer^ty 



500 to 9,000 psL The pressurising of the portion of the interior region of the 
second t nhnl a r member is preferably provided at reduced operating pressures 
during a latter portion of the extrttding. The method further preferably includes 
sealing the overlap between the first and second tobute The method 

6 further preferably includes supporting the extruded first tabular member using 
the overlap with the second tubular member. Tbe method further preferabry 
includes lubricating the surface of the mandrel The method further preferably 
includes absorbing shock. 

Aimer for use m creating* new sect^ 
10 formation adjacent to an already existing section of weUbore casing has been 
described that includes an annular member. Ifce tmrnlarmemberindudea one or 
more sealing members at an end portion of the annular member, and mw m» mort 
pressure relief passages at an end portion of the annular membe r, 

A weUbore casing has been described that includes a tubular liner and an 
15 annularbodyof a aired fluidic sealing m The tubularliner is formedbythe 

process of extruding the tabular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weUbore, and pressurising an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process ofiivect^ 

region external of the tubular Hnex. During the pgeasnriang, thft rntwrior portion 
ofthetulnilarlmer^ portion of the 

tubularliner. The interior portion of the tubular Imer is preferably p 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existtngweUboote easing. The wellbore casing preferabry turther 
uichidesaeealpositionedm 

wellbore casing. Tubular liner is preferabry supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a weUbore casing within a 
SO borehole has been described thjitfrv^^^ufag, tabular liner and a 

within the weUbore casing, faiiectmff * hr*fr «f « fluids ti fft ftrinl into tho borehole, 
pressurizing a portion of an interior region of the tabular liner, and radially 
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r*iy"vtiTi g the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fluidic material is sd 

of dag T"*». cement, drilling mud, and epoxy. In a preferred embodiment, the 
method farther includes Quididy isolating an interior region of the tubular liner 

5 from an exterior region of the tubular finer. In a preferred embodiment, the 
injecting of the body of fluid*? «y t*™* ** provided at operating pressures and flow 
rates ranging from about 600 to 9,000 pd and 40 to 3,000 gallona/min. In a 
preferred embodiment, the injecting of the body of fluidk material is provided at 
redured np r* trng prftwomm and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fluidic material is injected below the mandreL In 
a preferred embodiment, a region of the tubular filler below the mandrel is 
pressurized. In a preferred embodiment 

mandr el is pressarired to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 

16 with the ead sting wellbare casing, Ina preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodimeat,thexnethod 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method farther includes lubricating the surface of the 
mandr eL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 

26 method further includes erpanding the mandrel in a radial direction. 

A tie-back finer for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidk sealing 
materiaL 1^ tutelar firxer is formed by ti^ 
off of a mandreL The annular body of a cured fhiidk sealing n 

30 to the tubular liner. In a preferred em^ 

process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



during the pnsssuri^^ 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tob^ 
500 to 9,000 psL In a preferred enibodimeiu^ 
5 sealing material is fon^ fluidic 
sealing material mto an annals 

the tubular finer, la a preferred embodiment, the tubular liner overlaps with 
another existing weDbore casing, fa * preferred *«^^ f tie-back liner 
further includes a seal positioned m the overL^ 

10 other existing weDbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap wh^ the other existing weDbore castor 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member i nc lud es a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 

20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the aboein^^ 

bearing member. Preferably, the load bearmgmember comprises a d rillab le body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Referabry.the expansion cxme is 

consisting of tool steel, tifamhim, and ceramic. Preferably, the expansion coiie lias 
a surface hardness ranghigfix)mab<mt58toe2Rocs^ena Preferably at least a 
portion of the apparatus is d rillable. 

Al t hou gh illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a ipflTiTOT co nsistent the «*ope of the invention. 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising; 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting fluidic material into the borehole; 

5 pressurizing a portion of an intarior region of the tubular line r ; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 oom prismg s 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlaying the tubular liner with the already existing casing ; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 fluidfcfr isolating the en^ 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular hner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between tlie tubular liner and 

the already existing casing; 
removing at least a portion erf the hardenable Quidic sealing ma toial from 

the interior of the tubular liner, 
curing the remaining portions of the fluidic hardenable fluidic sealing 

materi a l; and 
removing at leastaportion of the currf 

within the tubular liner. 

An apparatus for expanding a tabular member, comprising: 

a support member, the support member inducting a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 

a shoe coupled to the tubular liner , the shoe inchidmg a third fluid passage; 
wherein the first, second and third fluid passages are operably coupled. 

An apparatus for ex panding a tubular member, comprising: 
a support member, the support member including: 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and Becond fluid passages; 
an expandable mandrel coupled to the support member, the e x pandab le 
mandrel jading a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing elements; 
a shoe coupled to the tubular member, the shoe i n c l uding : 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid p assage adapted to receive a stop member; and 
one or more exhaust passages coupled to the fourth fluid passage for 
injecting flui dic material outside of the shoe; and 
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16 at least one sealing memb er coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 ulterior region of the tabular 

1 5. A method of joinmga second tu^ 

2 first tabular number having 

3 the second tubular member, comprising: 

4 pos itionin g a mandrel within an interior region of the second tabular 

5 member; 

6 preasuriainga portion of the interior region of the second 

7 and 

8 extruding the second tubular meniber oflf of the mandrel hitoen^ 

9 with the first tubular member, 

1 6. A tubular liner, comprising: 

2 an annular memher, annular mmmh** including: 

S one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure reliefpassages at an end portion of the annular 

6 member. 

17. A weUbore rygjtpg^ comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular bcxrjr of a cured fiuidie sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing weUbore rawfn^ comprising: 

2 a tubular liner, the tubular Hner formed by the process of: 

3 extrudin g at least a portion of the tubular liner off of a mandr el; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the BUpport member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 
6 an r spfm d ib^ tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the ahoe is drillable. 
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